C42 H66N5 O1 i~.Br -.H20
Comment
In the course of our synthetic and structural studies of the biologically active cyclodepsipeptides, the didemnins (1), the X-ray crystal structure of the macrocyclic salt (la) was determined in order to compare its molecular conformation with that of didemnin B, (lb) . An X-ray crystal structure analysis of (lb) has been reported previously by Hossain et al. (1988) . 
Didemnin B is the most active of the side-chain derivatives tested for antiviral, antitumor and immunosuppressive activity (Maldonado, Lavergne & Kraiselburd, 1982; Canonico, Pannier, Huggins & Rinehart, 1982; Rinehart et al., 1982; Fimiani, 1987; Montgomery, Celniker & Zukoski, 1987; Legrue, Sheu, Carson, Laidlaw & Sanduja, 1988) , and it is believed that the sidechain 3-turn is important in determining biological activity. As can be seen in Figs. 1 and 2 , the three proposed structural features essential for bioactivity, i.e. the side-chain 3-turn, the isostatine hydroxyl group and the tyrosine side chain (Rinehart, 1985; Hossain et al., 1988; Banaigs et al., 1989; Kessler, Will, Antel, Beck & Sheldrick, 1989; Shen, Zukoski & Montgomery, 1992; Kundu, Wilson & Rinehart, 1992) , all lie on the periphery of the bent figure-eight macrocycle (Hossain et al., 1988; Mohamadi et al., 1990) . The conformation of the 3-turn is dictated by a hydrogen bond between the lactyl carbonyl O atom (O12) and the threonine amide group (N5) (Fig. 1 ). In addition, two more hydrogen bonds contribute to the globular structure of this molecule. The side chain is attached to the main macrocycle through a hydrogen bond between the leucine carbonyl O atom (O10) of the side chain and the L-leucine amide group (N3). There is also a hydrogen bond in the core of the macrocycle between the L-leucine carbonyl O atom (03) and the amide group of the isostatine unit (N4).
Crystals of the hydrobromide salt of the macrocycle were analyzed and ORTEPII (Johnson, 1976) drawings of the two conformers, (la) and (la'), are shown in Fig. 3 ; the numbering scheme used is illustrated separately for clarity. Each atom of the two conformers is numbered in the same order, the only difference is that one structure is primed. There are actually two separate but similar conformers present in the unit cell (Fig. 4) . The conformers differ slightly in the positions of the tyrosine side chain and isovaleryl group, and also in the fact that structure (la t) has two molecules of water in (Hossain et al., 1988) .
Molecular-modeling structure of didemnin B, (lb) (Mayer & Joulli~, 1995; Mohamadi et al., 1990) .
the crystal. The bond distances and angles are iarovided in the supplementary material. After a closer investigation of these conformers via torsion-angle comparisons (Table 2) and a molecularmodeling study , some distinct conclusions can be drawn. The molecule is oval shaped as compared with the constrained figure-eight shape of didemnin B (Fig. 3) . The bromide ion is hydrogen bonded across the main macrocycle between the Lleucine amide group (N16) and the threonine amine 
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(ld) Fig. 3 . ORTEPII drawings (Johnson, 1976) of the two conformers of the macrocyclic salt shown with 30% probability displacement ellipsoids. The numbering scheme adopted is shown above. group (N26). A molecular-modeling study revealed that the tetrapeptide portion of the macrocyclic salt superimposed well with the analogous region of the backbone of didemnin B, while the HIP isostatine region (atoms C10 to C15) was slightly more flexible in the macrocyclic salt. The side chain of didemnin B seems to force the core of the macrocycle into a more rigid conformation. However, the transannular hydrogen bonds bridging the macrocycle between the isostatine amide (N6) and the leucine carbonyl O atom (044) in both (la) [2.834 (9) A,] and (la') [2.942 (8) A,] are somewhat oStronger than the one found in didemnin B (3.020A; Hossain et al., 1988) . By examining the torsion angles, conformer (la') resembles the structure of didemnin B more closely than conformer (la). In three cases (Oll---C12--C13--C14, C13---C12--Oll--C10 and C12--C13---C14--C15), the torsion angles of (la) deviate by more than 40-50 ° from the torsion angles of the other two structures [(la') and (lb)]. This region, known as the HIP moiety, is quite distorted for conformation (la) and no additional stabilization by hydrogen bonding to water molecules is present. In didemnin B, a water molecule acts as an acceptor to the isostatine hydroxyl H atom while acting as a donor to the O atoms of both the tyrosine side chain and the proline carbonyl group of the fl-turn side chain (Hossain et al., 1988) . In conformer (la'), additional stability is present in the lower half of the molecule.
Comparison of other torsion angles shows that only one (C 13--C 14--C 15--N 16), next to the amide linkage connecting the HIP unit to L-leucine, deviates by more than 10 °. In this case, the two salt conformers compare favorably, but the analogous torsion angle of didemnin B deviates by almost 20 °. The macrocycle is at present being tested for biological activity and conclusions will then be drawn regarding the structural features important for bioactivity, i.e. the side chain and/or backbone folding. Originally, the fl-turn side chain of didemnin B was believed to be the main bioactive site, while the other two moieties, the tyrosine side chain and the isostatine hydroxyl group, served only for binding or anchoring the macrocycle to a receptor site (Hossain et al., 1988) .
Finally, it is interesting to note that the bromide ion is situated in the center of the macrocycle, suggesting possible ionophoric properties. As the carbonyl O atoms and hydroxyl group of the didemnin B macrocycle extend outwards rather than towards the cavity, this cyclodepsipeptide does not complex cations. Most ionophoric systems, such as valinomycin, are designed to complex cations (Voet & Voet, 1990) ; however, a macrocycle such as (la) could possibly transport anionic species.
Experimental
For the preparation of the title compound (la) (Li, Ewing, Harris & Joulli¢, 1990; Mayer, Ramanjulu, Vera, Pfizenmayer & Joulli& 1994) 
C42 H66N5OI ~.Br-.H20 58.7 mmol) (Li, Ewing, Harris & Joulli& 1990) in EtOAc (,-~ 2 ml) was cooled to 243 K. Gaseous HBr was introduced at a rate such that the temperature of the mixture was maintained between 253 and 263 K at saturation. After stirring for 1 h at this temperature the solution was stirred for a further 1 h at 273 K. The solution was then purged with N2 for about 30 rain, maintaining the temperature at 273 K. After concentrating the solution, the residue was triturated and washed by decantation with three 1 ml portions of tert-butyl methyl 3, 14.0, 14.8, 15.1, 17.4, 18.2, 20.8, 22.6, 23.6, 24.7, 24.9, 26.9, 28.0, 31.2, 31.5, 33.9, 35.1, 39.9, 47.1, 49.5, 49.9, 54.5, 55.2, 57.3, 58.0, 66.1, 68.0, 69.2, 82.9, 114.2, 129.1, 130.2, 158.7, 165.9, 168.5, 171.0, 171.3, 172.0, 172.3, 205 (Fair, 1990) (6) 0.4795 (4) 6.0 (2) C4 -0.1922 (7) 0.0527 (6) 0.5004 (4) 5.9 (2) C5 -0.1716 (6) 0.1034 (7) 0.5592 (3) 5.9 (2) C7 -0.1394 (7) 0.2497 (7) 0.6005 (4) 6.2 (2) C8 -0.0421 (7) 0.2947 (6) 0.5925 (4) 6.3 (2) C9 0.0403 (7) 0.2319 (7) 0.5992 (4) 6.9 (3) CI0 0.1376 (7) 0.2680 (7) 0.5879 (4) 6.4 (2) C12 0.3072 (8) 0.2331 (8) 0.5963 (5) 9.3 (3) C13 0.3221 (7) 0.2379 (7) 0.5358 (5) 7.7 (3) C14 0.2638 (6) 0.1794 (7) 0.4921 (4) 6.5 (2) -0.3765 (7) 0.3742 (7) 0.4419 (4) 7.6 (3) C50 -0.4954 (7) 0.2300 (7) 0.3403 (4) 6.5 (2) C51 -0.5351 (6) 0.3189 (7) 0.3212 (3) 5.9 (2) C52 -0.4943 (6) 0.3678 (7) 0.2818 (4) 6.2 (2) C53 -0.5322 (7) 0.4460 (7) 0.2610 (3) 6.6 (2) C54 -0.6103 (7) 0.4809 (7) 0.2788 (3) 6.5 (2) C55 -0.6547 (7) 0.4348 (8) (7) 1.0780 (4) 6.9 (2) C13 ~ 0.3387 (7) 0.1586 (7) 1.0234 (4) 6.7 (2) (5) 12.6 (5) C45' -0.0959 (7) 0.3614 (7) 0.8557 (4) 7.0 (2) C46' -0.1833 (9) 0.4133 (9) 0.8452 (5) 11.8 (4) C47 ~ -0.2474 (7) 0.3992 (6) 0.8869 (4) 7.0 (3) C49 ~ -0.4019 (7) 0.3095 (7) 0.9622 (4) 7.0 (2) C50' -0.4884 (6) 0.1790 (7 
34.0 ( 11 ) 27.9 (9) 40.0 (5) C23--C 1---O2--C3 176.5 (7) 176.6 (7) 180.0 (3) elongated, and therefore weakened, the ring-puckering coefficient is smaller and photochromic activity increases.
Comment
Spirooxazines are colourless photochromic compounds (Chu, 1990) , which transform under UV irradiation into strongly coloured photomerocyanines. The reaction is reversible either by heat or by visible-light absorption.
The rate of decolouration depends on the electronic properties or steric hindrances of either the heterocyclic part or the annulation of the benzoxazinic ring (Tardieu, Dubest, Aubard, Kellmann, Tfibel, Samat & Guglielmetti, 1992; Rickwood, Marsden, Ormsby, Staunton, Wood, Hepworth & Gabbutt, 1994) . Structural features, such as the Cspiro-----O bond distance, the distances of oxazine N and O atoms from the adjacent phenyl ring mean plane, intramolecular short contacts, and oxazine ring planarity, which are related to the difference in photochromic behaviour are discussed here. In order to obtain a better insight into the correlation between molecular substitution, conformation and photochemical reactivity, the molecular structure of the title compound, (1), has been established and compared with the conformation of some other spirooxazinic compounds. The molecular conformation and atomic labelling are shown in Fig. 1 . OEt (1)
The title molecule contains a naphthoxazine moiety linked to a substituted benzo-2-azabicyclo[2.2.2] fragment through the spiro atom, C12, which displays regular sp 3 hybridization. The bond angles at the C12 spiro carbon have a mean value of 109.4 (8) °. Table 3 shows that the O 14---C 12--C 13 bond angle of the spiro C atom in the oxazine ring has a mean value of 109.1 (12) ° for seven spirooxazines. The conformation of the oxazine ring of the title compoud is described as a twisted boat along the C13...C25 axis.
The phenyl and naphthyl moieties are planar (r.m.s. deviations of 0.002 and 0.006 ,A,, respectively) and are approximately orthogonal to each other [dihedral angle 87.1 (7)°]. The benzo-2-azabicyclo[2.2.2] fragment with its cage-like structure has a small degree of freedom. It displays D3 symmetry with a mean torsion angle of 4.2 (3) °, probably as a result of the bulky naphthoxazine moiety linking through the spiro C12 atom.
